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Abstract 
This paper presents an improved model for assessing capacities of vehicular movements at Two-Way Stop-Controlled (TWSC) 
intersections. The theoretical model was derived based on the conflict technique for estimating capacities of vehicular 
movements at multilane TWSC intersections under non-saturated traffic conditions. The model parameters were calibrated by 
referencing the related research of field observations. The effectiveness and reliability of the proposed model were verified by 
comparing with the methodology of Highway Capacity Manual 2000 (HCM2000) and VISSIM simulation with various lane 
configurations and traffic demands. In comparison with the gap acceptance model recommended in HCM2000, the proposed 
model can simplify the process of estimating capacities of TWSC intersections and extend to be applied to any multilane TWSC 
intersections. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
As one of the common intersection control types, Two-Way Stop-Controlled (TWSC) intersections are 
extensively utilized in the United States. TWSC intersections have proven to be an efficient and economical traffic 
control type compared with signal control and other controls under certain conditions (Harders, 1968). Although a 
significant amount of effort has been devoted to assessing capacities of TWSC intersections, it is still difficult to 
accurately evaluate capacities of multilane TWSC intersections by current research. 
Gap acceptance methodology, as a classical representative of traditional methods, is prevalently used to estimate 
capacities of TWSC intersections (Harders, 1968; Siegloch, 1973; Grossmann, 1991). The TWSC models 
incorporated in Highway Capacity Manual 2000 (HCM2000) is also based on the gap acceptance theory. Brilon and 
Wu (2001) presented a theoretical method for solving capacities of TWSC intersections in terms of the traffic 
conflict technique. Brilon and Thorsten (2005) provided a modified method to determine capacities of TWSC 
intersections in light of Wu’s methodology. Haiyuan (2008) explored capacity models for estimating capacities of 
unsignalized intersections under mixed traffic conditions based on the conflict technique. But the related model 
parameters were calibrated by comparing the computed capacities with those of traditional methods since it is nearly 
impossible to directly calibrate the parameters through field observations, which negatively impacts on the 
effectiveness of capacity estimation. The purpose of this paper is to enhance an earlier study (Haiyuan, 2008) for 
assessing capacities of TWSC intersections with multilane approaches by the conflict technique under non-saturated 
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traffic conditions.  
2. Priority relationship of traffic movements 
According to the traffic code in the United States, the priority rank of vehicular movements at TWSC 
intersections is shown in Table 1.  
Table 1 The priority rank of vehicular movements at TWSC intersections
Rank Priority Vehicular movements 
1 Absolute priority Major-street through and right-turn vehicles 
2 Yielding to vehicles of the first rank 
Major-street left-turn vehicles and minor-
street right-turn vehicles 
3 Yielding to vehicles of the first and second ranks Minor-street through vehicles 
4 The lowest priority Minor-street left-turn vehicles 
3. Conflict technique 
Since the priority relationships among vehicular movements are different at TWSC intersections, vehicles of 
different movements have to pass through corresponding conflict areas unoccupied by higher priority movements. 
As a result, a conflict group (a departure sequence) is formed in the same conflict area. Vehicles of a particular 
movement can pass through the conflict area as long as it is not occupied by higher priority conflict vehicles. 
It is assumed that every vehicle of movement i occupies the conflict area for on average of ,o it  seconds. All 
movements crossing the same conflict area can use 3600 seconds all together in an hour. If all vehicular movements 
are under non-saturated traffic conditions, and the volume of movement i, Qi, is known, the probability of movement 
i occupying the conflict area can be calculated as follows (Brilon, Wu, 2001).  
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Where:  
,o iP  is the probability that the conflict area is occupied by movement i; 
iQ  is the volume of movement i in vph; and 
,o it is the average time of a vehicle occupying the conflict area in movement i in sec. 
The probability that the conflict area is unoccupied by vehicles of movement i is given as follows.  
                                                       , ,1u i o iP P′ = −                                                      (2) 
Where:  
,u iP′  is the probability that the conflict area is unoccupied by vehicles of movement i. 
For a waiting vehicle, the conflict area is also occupied if vehicles of higher priority movements are approaching 
the conflict area. The probability that the conflict area is unoccupied by the approaching vehicles of higher priority 
movements can be estimated as follows (Brilon, Thorsten, 2005). 
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Where:  
,b iP  is the probability that the conflict area is unoccupied by vehicles of higher priority movements in advance of 
their arrivals; and 
,b it  is the average time of an approaching vehicle occupying the conflict area in advance of its arrival in sec. 
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Vehicles of movement i can only enter the conflict area if both of the above conditions are met simultaneously. 
The probability that both conditions are met is given as follows. 
                                                               ( ), , , , ,1u i o i b i u i b iP P P P P′= − ⋅ = ⋅                                       (4) 
Where:  
,u iP  is the probability that the conflict area is unoccupied by vehicles of priority movement i. 
The maximum capacity of movement i is the maximum throughput of vehicles that can pass through the conflict 
area without being affected by vehicles of other conflict movements.  
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Where: 
max,iC  is the maximum capacity of vehicles crossing the conflict area for movement i in vph. 
According to Brilon and Thorsten (2005), the actual capacity of movement i under non-saturated traffic 
conditions can be obtained as follows. 
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Where:  
,a iC is the actual capacity of vehicles crossing the conflict area in movement i in vph; 
kD  is the set of priority movements conflicting with movement i; and 
,uxP  is the probability that the conflict area is unoccupied by vehicles of movement x conflicting with movement i. 
Vehicles can proceed to cross an intersection only if all related conflict areas are unoccupied by other priority 
conflict vehicles. If all vehicular movements in the departure sequences are in non-saturated traffic conditions, the 
probability that all conflict areas are free of other movements of higher priority is the product of probabilities of 
each conflict area unoccupied. According to Brilon and Thorsten (2005), the actual capacity of movement i can be 
estimated as follows. 
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Where:  
,u kiP  is the probability that the conflict area k is unoccupied by priority movements conflicting with movement i;  
,c iD  is the set of conflict areas that movement i needs to pass through. 
4. Capacities of 421 TWSC intersections 
A 421 TWSC intersection refers to a 4-leg intersection with two-way two-lane major approaches and two-way 
one-lane minor approaches. When non-motorized road users are not considered, a 421 TWSC intersection may 
contain up to 14 vehicular movements in the lane configuration as shown in Figure 1. All these conflict cases can be 
arranged into 13 conflict areas which involve three types of entry, central and exit conflict cases based on the 
conflict technique (Brilon, Wu, 2001). 
Vehicles at a TWSC intersection have to pass through several conflict areas to cross the intersection. In non-
saturated traffic conditions, vehicles of movement i can enter the intersection only when all related conflict areas are 
free of other priority conflict movements. In such a case, capacities of vehicular movements can be estimated as 
follows. 
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Figure 1 Traffic movements and conflict areas at a 421
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It should be noted that there are three through movements at each major approach and two through movements at 
each minor approach. The probabilities of through movements with the same direction occupying the central conflict 
area are not independent of each other. In addition, capacities of vehicular movements at 432 TWSC intersections 
with various lane configurations can be obtained based on the basic models derived above.  
6. Capacities of Multilane tWSC Intersections 
A general expression can be derived for determining capacities of vehicular movements at multilane TWSC 
intersections as follows. 
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Where: 
max,iC  estimated approximately according to the capacity of movement i crossing the entry conflict area in vph; 
,c EiD  denotes the set of vehicular movements conflicting with movement i in the entry conflict area; 
,c CiD  denotes the set of vehicular movements conflicting with movement i in the central conflict area; 
,c FiD  denotes the set of vehicular movements conflicting with movement i in the exit conflict area; 
,o Eit  denotes the average time of vehicles in movement i occupying the entry conflict area in sec; 
,o Cit  denotes the average time of vehicles in movement i occupying the central conflict area in sec;  
,o Fit  denotes the average time of vehicles in movement i occupying the exit conflict area in sec; and 
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,b it  average time of vehicles in movement i occupying the conflict area in advance of its arrival in sec. 
If there are more than one vehicular movements of the same direction on the same approaches, the probability of 
the central conflict area unoccupied by vehicular movements of the same direction can be derived based on the 
related research (Wenquan, 2003; Hagring, 1998). Considering several factors, such as safety, geometric conditions 
and crossing between movements, it has proven to be reasonable to assume that the arrival distribution of vehicles 
obeys M3 distribution at unsignalized intersections (Wenquan, 2003). Supposing that headways of traffic 
movements also obey M3 distribution, the distribution function of the kth movement with the same direction can be 
known as follows (Wenquan, 2003).  
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Where: 
kh  is the headway of the kth movement in sec; 
kλ  is the decay constant in the kth movement; 
ka  is the proportion of free vehicles in the k
th movement; 
kq  is the flow rate of the kth movement in vph; and  
Δ  is the minimum headway between two successive vehicles in platoon in sec. 
The minimum headway Δ  of vehicles in the kth movement must be less than the critical gaps 
cit  of stream i. 
That is 
citΔ < . So the headway of the kth movement can be available for vehicles of movement i crossing the 
conflict area when the headway is larger than Δ . 
When every headway kh  in the kth movement is greater than the given t  and t  is greater than Δ , the joint 
distribution function of vehicle headways on m movements with the same direction is obtained as follows (Hagring, 
1998). 
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If there are equal critical gaps and follow-up times for vehicles of movement i with the same direction, the 
probability of the common gap among m movements with the same direction allowing n vehicles of movement i to 
cross the gap is given as follows (Hagring, 1998). 
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Where: 
cit  is the critical gap for stream i in sec; and 
fit  is the follow-up time for stream i in sec.  
Let nT  denote the minimum common gap among m movements with the same direction to allow n vehicles of 
conflict movement i crossing the gap. 
                                                   
( )1n ci fiT t n t= + − ⋅                                             (46) 
Because the total traffic flow rate of vehicular movements with the same direction is Q  vehicles per hour, there 
are Q  common gaps offered in an hour. The total time used by vehicles of conflict movement i crossing the central 
conflict area can be derived as follows. 
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Where: 
,o iT  is the total time used by vehicles of conflict movement i crossing the central conflict area in sec. 
With regard to movement i, the probability of the central conflict area unoccupied by vehicles of conflict 
movements with the same direction can be approximately estimated as follows. 
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Where: 
,u CjP  probability of the central conflict area unoccupied by vehicles of movement j conflicting with movement i; 
,u CjP ′  and ,u CjP ′′  probabilities of the central conflict area unoccupied by vehicles of movements j′  and j′′  with 
the same direction.
7. Calibration of model parameters 
There are four model parameters ( ,o Eit , ,o Cit , ,o Fit , ,b it ) that need to be calibrated based on field observations. 
The average time of vehicles in minor-street movement i occupying the entry conflict area, ,o Eit , can be estimated 
by the average stop time of vehicles on entry plus the move-up time of the second vehicle after the departure of the 
first vehicle under the conditions that there are no traffic movements conflicting with movement i. According to the 
study by Kyte et al. (1999), if the through movement is taken as the base case, the saturation headway is higher for 
left-turn vehicles and lower for right-turn vehicles at stop-controlled approaches. The adjustment factor was 
proposed to be 0.9 for left-turn vehicles and 1.36 for right-turn vehicles. Saturation headways for passenger cars and 
heavy trucks show a significant difference. Passenger cars have a lower value than heavy trucks. The difference 
averages 1.5s or 22 percent. Under the conditions that the subject vehicle does not face the conflicting vehicles, 
saturation headways were proposed to be 4.0s/veh for left-turn movement, 3.7s/veh for through movement, 2.8s/veh 
for right-turn movement, 3.2s/pcu for passenger cars and 4.6s/veh for heavy trucks. According to the 
recommendations in HCM 2000, the departure headway is proposed to be 3.2s/pcu under the conditions that there 
are not conflict vehicles on other approaches. The move-up time is proposed to be 2.0s. Based on the above 
referenced values, the value of the parameter ,o Eit  in minor-street movement i is proposed to be the departure 
headway of 3.2s/pcu plus the move-up time of 2.0s for the through movement. The adjustment factor is proposed to 
be 0.9 for left-turn vehicles and 1.36 for right-turn vehicles. Considering the impact of heavy vehicles on the 
departure headway, the average departure headway can be estimated by the modified departure headway according 
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to the proportions of passenger cars and heavy vehicles in movement i. Then, values of the parameter ,o Eit  for the 
through movement, left-turn movement and right-turn movement on side approaches can be estimated as follows. 
                        , , ,
3.2 4.6 2o ETi PC i HV it P P= ⋅ + ⋅ +                                                (49)               
                        
( ), , ,3.2 4.6 1.36 2o ERi PC i HV it P P= ⋅ + ⋅ +                                   (50) 
                        
( ), , ,3.2 4.6 0.9 2o ELi PC i HV it P P= ⋅ + ⋅ +                                      (51) 
Where: 
,o ETit  denotes the average time of a vehicle occupying the entry conflict area in through movement i in sec;  
,o ERit  denotes the average time of a vehicle occupying the entry conflict area in right-turn movement i in sec;  
,o ELit  denotes the average time of a vehicle occupying the entry conflict area in left-turn movement i in sec; 
,PC iP  is the proportion of passenger cars in movement i; and 
,HV iP  is the proportion of heavy vehicles in movement i. 
The average times of major-street vehicles occupying the entry conflict area, ,o Eit , and exit conflict area, ,o Fit , 
are proposed to be the same as the follow-up time of major-street vehicular movement in HCM 2000. The average 
time of minor-street vehicles occupying the exit conflict area, ,o Fit , is also proposed to be the same as the follow-up 
time of minor-street vehicular movement in HCM 2000. Therefore, the basic values of the parameters are proposed 
to be 2.2s for the major-street vehicular movement, 3.3s for the minor-street right-turn movement, 4.0s for the 
minor-street through movement and 3.5s for the minor-street left-turn movement. Similarly, values of the parameters 
are computed based on the presence of heavy vehicles. 
                                        , , , ,o Ei o base o HV HV i
t t t P= + ⋅
                                             
(52) 
                                        , , , ,o Fi o base o HV HV i
t t t P= + ⋅
                                             
(53) 
Where: 
,o baset  is the base follow-up time in sec; and 
,o HVt  adjustment factor for heavy vehicles (0.9 for one-lane and 1.0 for two-lane and over two-lane approaches).  
The average time of vehicles in movement i occupying the central conflict area, ,o Cit  can be estimated as follows. 
                                                            
,
Ci
o Ci
Ci
L
t
V
=                                                     (54) 
Where: 
CiL  the track length of movement i crossing the central conflict area between the entry and the exit in meter; and 
CiV  the average speed for vehicles in movement i crossing an intersection in mps. 
Based on the study by Brilon (2005), the average time of vehicles in movement i occupying conflict areas in 
advance of their arrivals can be estimated as shown in Table 2. 
Table 2 The parameter ,b it  of the model
Vehicular movement i
Major 
Left-turn 
Major 
Through 
Major 
Right-turn 
Minor 
Left-turn 
Minor 
Through 
Minor 
Right-turn 
1,7 2,8 3,9 4,10 5,11 6,12 
b it , (s) 3.3 2.0 2.3 3.8 4.3 4.8 
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8. Evaluation of the proposed models  
In order to assess the reliability and effectiveness of the proposed model for estimating the capacities of multilane 
TWSC intersections, the capacities produced by the proposed model were compared with those obtained by the 
methodology in HCM 2000 and VISSIM simulation. Three typical configurations of 411, 421 and 432 TWSC 
intersections were selected as examples to verify the proposed model based on assuming various traffic demands of 
different lanes and approaches. Figure 3 shows the capacity comparison of minor approaches under the conditions of 
various traffic demands at 411 TWSC intersections. Figure 4 reflects the capacity comparison of minor approaches 
under the conditions of various traffic demands at 421 TWSC intersections. In Figures 5 and 6, capacity 
comparisons of minor approaches are given under the conditions of various traffic demands at 432 TWSC 
intersections with a left-turn and through shared lane and a through and right-turn shared lane. 
Figure 3 Capacity comparisons of minor approaches at 411 TWSC intersections 
Figure 4 Capacity comparisons of minor approaches at 421 TWSC intersections 
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Figure 5 Capacity comparisons of left-turn and through shared lanes on minor approaches of 432 TWSC intersections 
Figure 6 Capacity comparisons of through and right-turn shared lanes on minor approaches of 432 TWSC intersections 
As shown in the figures, there are to some extent certain corresponding relationships between the capacities by 
the proposed model and VISSIM simulation. It is obvious that the capacities calculated by the proposed model 
matches better with the simulation results than the results by the methodology in HCM2000. The close 
correspondences between the results of the proposed models and VISSIM simulation show promising results 
regarding the accuracy and reliability of the proposed models when evaluating capacities at multilane TWSC 
intersections with various lane configurations and traffic demands.  
9. Conclusions 
The assessment of capacity is critical to evaluating intersection level-of-service and make operational 
improvement decisions. For TWSC intersections with multilane approaches, models were derived based on the 
conflict technique under non-saturated traffic conditions. In comparison with VISSIM simulation and the 
methodology in HCM 2000, the proposed model produces promising results and demonstrates the effectiveness and 
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reliability, although more comprehensive data for calibration and validation are desirable. The proposed model 
provides an improved method for estimating capacities of vehicular movements at multilane TWSC intersections 
with various lane configurations and traffic demands. Using the proposed model, the current methods for assessing 
capacities of TWSC intersections can be significantly improved and extended. 
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